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Description 

METHODS AND STRUCTURE FOR 
AUTOMATED ACTIVE 
PHARMACEUTICALS DEVELOPMENT 

Cross Reference to Related Applications 

[0001] This application claims the benefit of United States Provi- 
sional Patent Application Serial No. 60/458,817, filed 
March 28, 2003 and entitled Methods And Structure For 

Automated Active Pharmaceuticals Development. 
Background of Invention 

[0002] The invention relates broadly to chemical compound de- 
velopment processes and more specifically relates to 
methods and structures for integrating numerous aspects 
of management of chemical compound development pro- 
cesses such as within a service organization manufactur- 
ing pharmaceutical compounds. 

[0003] | n a number of chemical development industries and ap- 
plications, the development of complex chemical com- 



pounds entails a number of project management goals 
and objectives. For example, scientific management re- 
quires documentation of materials, processes and activi- 
ties involved in development of a particular compound so 
that the resultant compound may be reliably reproduced. 
Financial management of such projects may require infor- 
mation regarding costs including human resources, as 
well as raw materials consumed by the compound devel- 
opment project. Other financial management aspects of 
project developments relate to purchasing and inventory 
of raw materials within the development facility. 
[0004] | n the pharmaceuticals sector of the chemical industries, 
the problems associated with project management for 
chemical compound development are often more acute. 
Often chemical development service providers are con- 
tracted by pharmaceutical companies to identify cost- 
effective procedures for reliable, repeatable manufacture 
of desired compounds. Such chemical development ser- 
vice providers often work with narrow profit margins such 
that cost control for development of a new compound is 
critical to profitable success of a project. Further, in the 
pharmaceuticals industry, quality control in the repeated 
manufacture of desired chemical compounds may be criti- 



cal to the safety and usability of the chemical compound. 
Still further, in pharmaceutical applications of chemical 
compounds, regulatory aspects of the industry require 
substantial documentation and reporting on the process 
and materials involved in manufacture of chemical com- 
pounds. 

[0005] it is an ongoing problem for such chemical compound de- 
velopment service providers to document and manage all 
aspects of their business including, financial, materials, 
scientific and process documentation, etc. Present solu- 
tions to these ongoing problems involved multiple dis- 
parate systems and methodologies for managing and 
documenting various aspects of the chemical compound 
development. Financial management of such projects in- 
volves the collection of data with appropriate financial 
management systems. Scientific and process documenta- 
tion by the scientists and engineers utilize other data pro- 
cessing tools. Additionally, materials managers control 
their inventories with processes supported by yet another 
system. 

[0006] such a disparate collection of data and tools leads to sig- 
nificant inefficiencies and errors in the production and 
management of data relating to services provided by 



chemical product development service organizations. Du- 
plication of data among the various disparate tools can 
lead to inconsistencies in the data used for various man- 
agement aspects of such projects. Inefficiencies associ- 
ated with duplication of certain data and duplication of 
management aspects of the project among the various 
disparate tools can lead to increased complexities and as- 
sociated costs. Such increased complexity and cost can 
negatively impact profitability for such chemical com- 
pound development service organizations. 
[0007] The above discussion provides evidence that a need exists 
for improved gathering, organization and management of 
data for chemical compound development service organi- 
zations. 
Summary of Invention 

[0008] The present invention solves the above and other related 
problems, thereby advancing the state of the useful arts, 
by providing methods and associated systems architec- 
tures and structures for generating, integrating and shar- 
ing data relevant to the management of chemical com- 
pound development for pharmaceutical industries. The in- 
vention therefore provides for improved utilization of 
shared data among a plurality of cooperating organiza- 



tions within the business enterprise of the service organi- 
zation. More specifically, the methods and structures of 
the present invention integrate data collection and man- 
agement for previously disparate data processing needs 
and users including, for example, scientific data manage- 
ment, standards compliance data management, activity 
and resource data management, materials data manage- 
ment and financial control and oversight data manage- 
ment. The invention allows for a complete view of a 
project from multiple management aspects including fi- 
nancial, scientific, time, tasks, and quality assurance. 
[0009] | n some aspects of the invention, data is gathered and as- 
sociated with a compound synthesis plan. A synthesis 
plan identifies activities and associated steps in producing 
a desired chemical compound. Each step of the process is 
associated with information regarding resources required 
for performing the step, specific activities to complete the 
step and materials required in the processing of the step. 
Cost and price information may also be associated with 
each activity, resource and material so that financial man- 
agement may be integrated with the data management of 
the invention. Other aspects of the invention, mathemati- 
cal and scientific influences on the chemical and financial/ 



business yields for a given synthesis plan may be factored 
into project planning. In particular, molecular weights, 
chemical yields, losses and stoichiometry may be consid- 
ered in project planning provided by features and aspects 
of the invention. 

[0010] As used herein, the terms compound and molecule are 
used interchangeably and include substances composed 
of atoms or ions of one or more elements in chemical 
combination, wherein the constituents are united by 
bonds or valence forces. 

[001 1] a first feature of the invention therefore provides systems 
and a method for chemical compound development 
project management comprising: providing a molecule 
database such that records of the molecule database in- 
clude molecular information regarding reactants and 
products of the synthesis steps required to produce an 
identified target molecule; providing a synthesis database 
such that records of the synthesis database include activ- 
ity information regarding activities to transition between 
the synthesis steps of the target molecule synthesis; and 
deriving information regarding a chemical compound de- 
velopment project from the molecule database and from 
the synthesis database. 



[0012] Another aspect of the invention further provides that the 
step of deriving includes: identifying, from the molecule 
database, materials required in production of the target 
molecule. 

[0013] Another aspect of the invention further provides that the 
step of deriving further includes: generating a bill of ma- 
terials identifying quantities of all materials required in 
production of the target molecule. 

[0014] Another aspect of the invention further provides that the 
step of deriving includes: identifying, from the synthesis 
database, resources required in production of the target 
molecule. 

[0015] Another aspect of the invention further provides that the 
step of deriving further includes: identifying, from the 
synthesis database, activities associated with the identi- 
fied resources. 

[0016] Another aspect of the invention further provides that the 
step of deriving further includes: generating a GANTT 
chart scheduling the identified resources and the identi- 
fied activities in production of the target molecule. 

[0017] Another aspect of the invention further provides that the 
step of deriving includes: identifying, from the molecule 
database, materials required in production of the target 



molecule; identifying, from the synthesis database, re- 
sources required in production of the target molecule; 
identifying, from the synthesis database, costs associated 
with the identified materials and associated with the iden- 
tified resources; and generating an estimated project cost 
from the identified costs. 

[0018] Another aspect of the invention further provides that the 
step of deriving includes: searching the molecule database 
or the synthesis database using chemical indicia to re- 
trieve information regarding a chemical compound devel- 
opment project. 

[0019] a second feature of the invention provides a system for 
target chemical compound development comprising: a 
molecule database including information regarding inter- 
mediate chemical compounds required to produce the 
target chemical compound; a synthesis database including 
information regarding steps required to transition be- 
tween the synthesis steps of the target molecule synthe- 
sis; and a chemical compound development management 
system for generating project synthesis plans integrating 
information from both the molecule database and the 

synthesis database. 
Brief Description of Drawings 



[0020] Figure 1 is a block diagram of a system in which the fea- 
tures of the present invention are beneficially applied. 

[0021] Figure 2 is a flowchart describing a method of the present 
invention to generate and execute a project synthesis 
plan. 

[0022] Figure 3 is a flowchart describing a method of the present 
invention to utilize the shared information in a project 
synthesis plan for various administrative and managerial 
purposes. 

[0023] Figures 4 through 12 are exemplary user display screens 
for typical interaction between a user and the features of 
the present invention. 

[0024] Figure 13 depicts data relationships useful in providing 
the features of the present invention. 

[0025] Figures 14 through 20 are additional exemplary user dis- 
play screens for typical interaction between a user and the 

features of the present invention. 
Detailed Description 

[0026] Figure 1 is a block diagram of a typical chemical com- 
pound development service provider enterprise 2 benefi- 
cially applying features of the present invention. Service 
provider enterprise 2 interacts with customer 100 in the 
development and production of customized chemical 



compounds. For example, customer 100 may be a large 
pharmaceuticals manufacturing entity contracting with a 
service vendor 2 to develop materials and procedures ap- 
propriate for manufacturing a particular desired chemical 
compound for pharmaceutical applications. The customer 
100 may receive the product provided by the vendor 2 in 
the form of material, formulae and procedures and scale 
the processes as required for mass manufacturing of the 
intended chemical compound. 
[0027] As noted above, present techniques and systems for man- 
agement within such a service organization (vendor 2 of 
figure 1) apply a number of disparate systems and appli- 
cations for information management. For example, finan- 
cial management of the service vendor may have totally 
separate systems and data from the systems and data 
used by engineering or R&D services within the same en- 
terprise. 

[0028] Marketing, sales, resource planning and inventory control 
operations within the enterprise may similarly each have 
their own unique systems for performing their desired 
functions. 

[0029] As shown in figure 1, a service vendor 2 beneficially ap- 
plying features of the present invention integrates infor- 



mation management for various functions within the en- 
terprise through a common active pharmaceuticals ingre- 
dient interface 150 ("API interface"). Various groups and 
functions within service provider enterprise 2 may share 
access to common data for reporting and monitoring pro- 
cesses, resources, materials and costs associated with 
services provided by the enterprise. 

[0030] For example, in a pharmaceuticals development service 

provider enterprise, a number of groups within the enter- 
prise may share access to information pertaining to syn- 
thesis plans for various projects on behalf of various cus- 
tomers stored in project synthesis plans database 112. 
Similarly, a number of groups within the pharmaceuticals 
service provider enterprise may share access to informa- 
tion describing standard molecules or compounds known 
to the enterprise and stored in molecules database 114. 
Still further, organizations within the entity may share 
data regarding synthesis procedures, resources and activ- 
ities stored in synthesis database 116. 

[0031] API interface 150 represents management processing to 
coordinate desired activities by multiple organizations 
within the enterprise. Coordination of such shared access 
may be provided by any of a number of standard tech- 



niques known to those of ordinary skill the art including, 
for example, structured file management techniques such 
as relational or hierarchical database management sys- 
tems, object oriented database management systems and 
other database management systems. In one exemplary 
embodiment of the invention, API interface 150 as well as 
associated databases may be implemented using the Mi- 
crosoft .NET framework and associated development tools 
and run-time support. As another design choice, features 
and aspects hereof may be implemented in any program- 
ming language (such as C++) operable on any computer 
platform (such as a Windows PC or a UNIX workstation) 
using other standard, commercially available user inter- 
face application programming interfaces. Those of ordi- 
nary skill in the art will recognize a wide variety of system 
and software architectures that may be employed to im- 
plement features of the present invention as discussed 
further herein below. 
[0032] Further, those of ordinary skill in the art will readily rec- 
ognize that although project synthesis plans database 
112, molecules database 114 and synthesis database 116 
are shown in figure 1 as distinct databases, they may be 
managed within a single database management system 



and/or physically stored in a common storage medium. In 
other words, the databases shown may be logically distin- 
guished in terms of the type of information stored therein 
and the functions that use the data though they need not 
be physically distinguished in the same manner. Further, 
storage media used to store the information may be phys- 
ically coupled to a single computer or may be distributed 
utilizing well-known distributed computing and storage 
techniques. 

[0033] Exemplary groups within vendor enterprise 2 that may 

share access to such databases include R&D or engineer- 
ing groups 110, financial management groups 104, mar- 
keting and sales organizations 102, resource planning or- 
ganizations 106 and inventory control organizations 108. 
In general, a marketing and sales organization 102 within 
a service vendor enterprise 2 may initiate a new project on 
behalf of a customer. The marketing and sales organiza- 
tion is typically the direct interface with the customer 100 
to receive requests for services from the customer 100. 
Marketing and sales organization 102 would therefore 
populate the project synthesis plans database 112 with 
information regarding the particular new project and/or 
new client. Specific information pertaining to the particu- 



lar requested compound may also be entered by the mar- 
keting and sales department 102 into the project synthe- 
sis plans database 112. Such a project synthesis plan 
(including customer information) may also incorporate re- 
source requirements and cost information so that the 
sales and marketing organization 102 may provide a price 
and schedule quote in response to the customer's request. 
[0034] when such a quoted project (an "offer") is accepted by the 
customer, work may commence thereon. Other organiza- 
tions within service vendor enterprise 2 may share the 
same project synthesis plan information generated by 
marketing and sales organization 102 and stored in 
project synthesis plans database 112. For example, finan- 
cial management group 104 may analyze data associated 
with the cost of one or more project synthesis plans to 
verify profitability and to analyze present and future eco- 
nomic issues associated with the enterprise. R&D group 
110 may access the information to provide or review 
specifications of the customer s requirements in com- 
mencing the chemical experimentation and development. 
Further, R&D group 110 may record information in the 
project synthesis plans database 112 indicating progress 
in the chemical development and testing for the newly 



commenced project. Resource planning group 106 within 
the service provider enterprise 2 may provide centralized 
planning for chemical laboratory equipment and produc- 
tion facilities so that multiple projects may be performed 
concurrently by multiple groups sharing common re- 
sources of the enterprise 2. Resource planning organiza- 
tion 106 may therefore share the same information stored 
in project synthesis plans database 112 to coordinate 
planning and scheduling of various shared resources 
within the enterprise. Inventory control group 108 may 
manage the inventory of raw materials maintained by the 
enterprise for production of new chemical compounds on 
behalf of customers. Inventory control group 108 may 
therefore share information in the project synthesis plans 
database 112 to anticipate future inventory needs so as to 
maintain an appropriate flow of raw materials into, and 
out of the enterprise. 
[0035] | n constructing such a project synthesis plan, the enter- 
prise may refer to information stored in other databases 
including, for example, molecules database 114 and syn- 
thesis database 116. As noted above, molecules database 
114 may contain information regarding the various inter- 
mediate chemical compounds required to produce a given 



target chemical compound requested by the customer. As 
is known in the art, producing a chemical compound often 
involves a sequence of steps potentially generating a 
number of intermediate chemical compositions useful in 
deriving the desired target compound. The molecules 
database 114 therefore may contain information identify- 
ing the raw materials, any intermediate compounds re- 
quired to generate a given target compound and reactants 
involved in the chemical process. Still further, the 
molecules database 114 may incorporate safety informa- 
tion regarding the materials and processes involved in the 
generation of a desired molecule or any intermediate 
compounds. 

[0036] | n addition, each step in the process of constructing a de- 
sired target chemical compound may involve a sequence 
of activities and resources required to achieve the desired 
target chemical compound or intermediate compound. 
Synthesis database 116 therefore may store information 
regarding activities and resources associated with the 
chemistry required to transition from a first chemical 
compound in the required sequence to a second chemical 
compound. Synthesis database 116 may also include stoi- 
chiometry information as well as information regarding 



isolation and sampling losses. Such information may be 
collectively referred to as a chemical recipe. 

[0037] The combination of information stored in molecules 
database 114 and in synthesis database 116 therefore 
may describe the materials, activities and resources re- 
quired to start with raw materials, generate any required 
intermediate chemical compounds, and finally generate 
the desired target molecule. 

[0038] Additionally, molecules database 114 and synthesis 

database 116 may also include financial cost information 
relating to cost of materials, cost of required resources 
and labor costs involved in the sequence of steps and ma- 
terials required to construct the desired target composi- 
tion. 

[0039] The ability to integrate data from such chemistry 
databases (i.e., molecules database and synthesis 
database) to generate a synthesis plan represents one as- 
pect of the invention. Other aspects of the invention relate 
to ongoing tracking of information based on the synthesis 
plan and reporting of information during execution of the 
synthesis plan. Details of processes associated with these 
aspects and associated user interaction are provided fur- 
ther herein below. 



[0040] still further, other aspects of the invention permit the 
molecule and/or synthesis databases to be searched by 
various chemical indicia, Such chemical indicia may in- 
clude chemical terms, symbols and molecular representa- 
tions. Chemical indicia may be used to search for raw ma- 
terials involved in projects, intermediate compounds in- 
volved in projects and final target molecules involved in 
projects. Such searches based on chemical indicia may be 
more useful to scientists and development personnel in- 
volved in projects as distinct from financial, marketing 
and administrative personnel involved in the same 
projects. 

[0041] Those of ordinary skill in the art will readily recognize nu- 
merous equivalent architectures to that of figure 1 that 
may benefit from application of features and aspects of 
the present invention. In particular, any number of orga- 
nizations within an enterprise may share the information 
generated and maintained in the form of the project syn- 
thesis plan. The particular organizations shown in the ex- 
emplary enterprise 2 of figure 1 are therefore merely in- 
tended as suggestive of one possible enterprise structure. 
Still further, those of ordinary skill in the art will recognize 
that a number of commercially available databases pro- 



viding molecule information and chemistry synthesis in- 
formation may be used in conjunction with the features of 
the present invention. Regardless of the source of such 
molecule and chemistry procedure information, the 
present invention integrates such information and shares 
relevant portions of such information among a number of 
groups within a chemical development service provider 
enterprise. 

[0042] Further clarity of one contrast of certain features and as- 
pects of the present invention may be had in understand- 
ing that present solutions for chemical management relate 
to chemical attributes of compounds, i.e., molecule struc- 
ture, molecular weight etc. Current solutions to project 
planning often combine resource planning, costing, activ- 
ity planning etc. By contrast, features and aspects of the 
present invention combine such dimensions as chemical 
information including chemistry and quality assurance, 
project management information, financial information, 
etc. in an integrated solution. 

[0043] Figure 2 is a flowchart describing a method associated 
with the present invention for generating and utilizing a 
project synthesis plan. As noted above, a sales and mar- 
keting organization of a custom chemical development 



service provider may generate such a synthesis plan in re- 
sponse to a request from a customer. Element 200 is first 
operable to create a new synthesis plan entry with a new 
project identifier and desired target molecule as specified 
by the customer. Element 202 is operable to add steps 
and activities associated with generation of the target 
module into the newly defined synthesis plan entry. The 
specific steps and activities associated with generation of 
the target module may be derived with reference to a 
molecule database and a synthesis database that, in com- 
bination, may define processes and materials required to 
generate the desired target module, including intermedi- 
ate compounds (if any). 
[0044] Element 204 then determines costs, duration and depen- 
dencies associated with each of the entered steps and ac- 
tivities. Costs of resources and materials required in the 
various steps and activities may be derived with reference 
to the molecules and synthesis databases. Expected dura- 
tion for completing each of the identified steps and activi- 
ties may also be derived with reference to such chemistry 
databases. Further, the order and dependencies among 
the various activities and steps may also be derived with 
reference to such standard chemical databases. For exam- 



pie, activities associated with generating a next interme- 
diate compound must precede steps and activities relating 
to usage of that intermediate compound. 

[0045] Element 206 next determines an appropriate calendar 
schedule to perform the steps and activities described 
thus far in the newly defined synthesis plan. 

[0046] Generating such a calendar schedule for a synthesis plan 
may require reference to presently defined schedules for 
other projects being performed within the enterprise. 
Such scheduling information may be derived with refer- 
ence to previously entered, presently executing projects 
within the project synthesis plans database. Various re- 
sources within the enterprise may be shared among a plu- 
rality of ongoing project development processes and 
teams. Therefore, calendar scheduling should be per- 
formed with reference to such other ongoing projects. 

[0047] Having so determined an estimated calendar schedule for 
the new project, element 208 may then determine costs 
associated with identified labor and other resources asso- 
ciated with the generated schedule. Element 210 is opera- 
ble to identify the desired amount of the specified target 
molecule. Although the customer may be a volume manu- 
facturer of such chemical compounds, it may contract with 



the development service provider for a predetermined ini- 
tial volume of the specified target molecule. Based on the 
desired amount of the target molecule, element 212 is 
next operable to generate a materials list for all required 
raw materials to generate the desired target molecule as 
well as all intermediate compounds (if any). Element 214 
may then estimate the materials cost and estimated deliv- 
ery dates for all materials associated with the newly en- 
tered synthesis plan. 

[0048] Having so determined estimated resources, schedule and 
associated costs, element 216 is next operable to gener- 
ate an offer to the customer identifying the price for the 
development of the requested target molecule as well as 
an estimated schedule for completion of the project to 
develop the requested target molecule. Generation of 
such an offer to the customer may be performed through 
standard software tools to generate a memorandum or 
other letter format offer automatically from the informa- 
tion entered into the newly defined synthesis plan. In 
other words, an offer, in whatever form desired, may be 
substantially automatically derived from the information 
stored in the synthesis plans database. 

[0049] Typically, no further action need be taken with regard to 



the generated offer until the offer is accepted by the cus- 
tomer as detected by element 220. 

[0050] if the offer is never accepted by the customer, it may be 
purged by element 232 from the synthesis plans database 
or otherwise processed in accordance with typical admin- 
istrative regulations of the service provider enterprise. If 
the offer is accepted by the customer, the synthesis plan 
from which the offer was generated can be locked to save 
as a baseline reference for ongoing work for the project. 
This locked, baseline offer synthesis plan may then be 
used to measure quality, productivity and profitability of 
the project as work proceeds through implementation. 

[0051] Element 222 creates a copy of the synthesis plan as ac- 
cepted by the customer. The original copy may be referred 
to as the offer version and is retained to be used as a 
baseline in measuring progress and success of the speci- 
fied project. The new copy of the synthesis plan may be 
referred to as the "executable version" or the "executable 
version of the synthesis plan." The executable version of 
the synthesis plan may be used going forward as an active 
repository for information regarding progress of the 
project. Comparisons may be made between the offer ver- 
sion and the executable version to compare actual 



progress and costs on the project as compared to the es- 
timates in the offer version. Such comparisons may be in- 
formative in tracking financial and other performance cri- 
teria for the service provider enterprise. 
[0052] Element 224 adds detailed "experiments" to the exe- 
cutable version of the synthesis plan for each of the iden- 
tified activities identified in the synthesis plan. Experi- 
ments as used herein refer to details of the actual exe- 
cuted steps, activities, actions, observations, and mea- 
sures to be performed by an appropriate scientist or engi- 
neer within the service provider enterprise. Such experi- 
ments document the precise chemistry to be performed 
for a specified activity or step within the synthesis plan. 
Recording execution of such experiments in the exe- 
cutable version of the synthesis plan allows more detailed 
tracking of the precise chemistry involved in producing 
the desired target molecules. Quality assurance, regula- 
tory compliance and other manufacturing issues may de- 
pend on such detailed documentation of the precise 
chemical procedures followed in producing the target 
molecule. 

[0053] Element 226 then generates a more detailed schedule 

based on the defined experiments, the precise resources 



required in each experiments and the precise materials 
required to complete the defined experiments. With such 
a detailed schedule now in place, actual processing of the 
synthesis plan may proceed with confidence in the re- 
peatability and quality of the desired outcome. As the 
synthesis plan is performed, element 228 is operable to 
update the executable version of the synthesis plan to in- 
dicate progress of the various experiments and to monitor 
cost goals and schedule goals as documented in the origi- 
nal offer version of the synthesis plan. Updating of the 
executable version of the synthesis plan may continue un- 
til element 230 determines that the entire synthesis plan 
has been completed thereby completing the project in- 
cluding delivery to the customer. 
[0054] | n parallel with the creation and execution of the synthesis 
plan, asynchronous requests for particular reports may be 
generated as shown in elements 240 and 242. Such re- 
ports may include, for example, progress reports regard- 
ing actual schedule and costs as compared to the original 
offer version of the synthesis plan as regards schedule 
and costs or other financial and management related re- 
ports. One common example of such a requested report 
may be in the form of a Gantt chart useful for visually 



measuring progress in the schedule as compared to the 
expected schedule documented in the offer version of the 
synthesis plan. Those of ordinary skill in the art will rec- 
ognize a wide variety of management reports that may be 
generated in response to user requests. 

[0055] The flowchart of figure 2 is intended merely as exemplary 
of one possible method for creating and executing a syn- 
thesis plan in response to the customer requests for pro- 
ducing a target molecule. Those of ordinary skill in the art 
will recognize a wide variety of similar procedural steps to 
accomplish the same goal. One aspect of the present in- 
vention is based upon the integration of synthesis plans 
with molecular database information and chemistry syn- 
thesis database information to allow multiple organiza- 
tions within a chemistry service provider enterprise to 
share common data associated with execution and moni- 
toring of such a synthesis plan on behalf of the customer. 

[0056] other aspects of the present invention allow typical ad- 
ministrative tasks to be performed with respect to the 
various databases maintained in accordance with the 
present invention. Figure 3 provides a flowchart describ- 
ing such administrative aspects of the present invention. 
In particular, element 300 awaits a request from an ad- 



ministrative user within the chemistry service provider en- 
terprise indicating particular administrative needs to be 
performed. In response to receiving such a request, a se- 
lected one of elements 302 through 314 is operable to 
perform the specific requested administrative tasks. Ele- 
ment 302, for example, is operable to add, delete or 
modify status or activities relating to chemistry as defined 
in a synthesis database. As the chemical service provider 
enterprise evolves through time and experience, addi- 
tional chemical procedures and activities may be recorded 
in the synthesis database for possible reuse in a later 
project. In like manner, element 304 is operable to enable 
administrative additions, deletions or modifications for 
molecule information in a molecule database. Element 
306 is similarly operable to allow administrative additions, 
deletions or modifications to basic customer or project in- 
formation within the project synthesis plans database. El- 
ements 308 and 310 are similarly operable to allow finan- 
cial information associated with the synthesis plan 
database and molecule database to be updated periodi- 
cally. The costs of raw materials may change from time to 
time or costs associated with resources of the enterprise 
may change from time to time such that an administrative 



user may update database information relating to costs. 
Lastly, elements 312 and 314 may be operable to provide 
special administrative reports relating to, for example, fi- 
nancial analysis of one or more particular projects or re- 
lating to inventory control. Financial analysts within such a 
chemical service provider enterprise may perform analysis 
relating to profitability of the enterprise or relating to ba- 
sic financial reporting requirements of the enterprise. In 
like manner, inventory control managers within the chem- 
ical service provider enterprise may review present inven- 
tory as it relates to ongoing projects for purposes of 
maintaining a proper flow of raw materials through the 
enterprise. Those of ordinary skill in the art will readily 
recognize numerous other administrative and reporting 
tasks that may be desirable or beneficial within the scope 
of the present invention. Figure 3 is therefore merely in- 
tended as representative of typical administrative and re- 
porting tasks that may be performed within such a chemi- 
cal service provider enterprise. 
[0057] Figure 13 is a diagram of exemplary database structures 
that may be employed in implementing features of the 
present invention. The structures depicted in figure 13 are 
not intended to represent specific file, table or record 



structures of any particular database or file management 
system. Rather, the elements of figure 13 are intended to 
suggest possible relationships between broad categories 
of information. A database structure associated with fea- 
tures and aspects of the invention may be principally in- 
dexed by records stored in a project headers structure 
1300. 

[0058] information regarding the customer and the project may 
be stored in such a table. Additional details regarding a 
particular project may be stored in a related project info 
structure 1301. A project identifier may be used to relate 
the two structures. Using such a project identifier, a cor- 
responding synthesis plan may be located in a synthesis 
plan structure 1302. The synthesis plan entries may refer- 
ence particular chemical compounds and may refer to en- 
tries in a molecule table structure 1304. In addition, syn- 
thesis plan information in structure 1302 may reference 
other information relating to planned steps, activities, 
personnel, resource and materials in structures 1308 and 
1312. Actual progress of a project may be referenced 
through reference to structures 1306 and 1310. These 
structures may store information regarding actual 
progress of the project with respect to personnel hours, 



materials and sequencing through the desired activities 
and steps. 

[0059] offers to a customer may be stored in structure 1316 and 
reference information in the project planning information 
in structures 1308 and 1312. Project status updates may 
be stored in structure 1314 and may reference informa- 
tion in actual tracking information of the project in struc- 
tures 1306 and 1310. 

[0060] Specific database or file structures to implement such 

data relationships will be readily apparent to those of or- 
dinary skill in the art as a matter of design choice. Fur- 
ther, such design choices may group information differ- 
ently than depicted in figure 13 to improve the normaliza- 
tion of information in the database as implemented. Such 
normalization techniques are well known to those of ordi- 
nary skill in the art to reduce duplication of data and the 
errors that may arise therefrom. 

[0061] | n addition, customer specific information may also be 

stored in a separate table to permit further normalization 
of the projects table structure. 

[0062] Those of ordinary skill in the art will readily recognize that 
the database structures described with reference to figure 
13 are intended merely as exemplary of typical database 



structures that may be used in implementing features of 
the present invention. Numerous equivalent database 
structures or other indexed file structures will be readily 
apparent to those of ordinary skill in the art. 

[0063] Figures 4 through 12 and 14 through 20 depict exemplary 
user display screens for interacting with a user applying 
the features and aspects of the present invention. Typical 
user interaction may include, for example, entry of a new 
customer into the project synthesis plans database and 
entry of a new project in the plans database. Other exem- 
plary user interactions involve steps to define activities 
and materials associated with a particular target material 
for a particular customers project. Those of ordinary skill 
in the art will recognize the following user display screens 
as merely exemplary of some common user interactions 
associated with the present invention. Numerous other 
user interactions will be readily apparent to those of ordi- 
nary skill in the art. 

[0064] Further, the style and structure of these exemplary user 
display screens are intended merely as exemplary of pos- 
sible screen layouts and structures. These particular ex- 
emplary screen designs are typical of user interface dis- 
play screens generated using Microsoft .NET Business So- 



lutions development tools. As another design choice, fea- 
tures and aspects of such display screens may be imple- 
mented in any programming language (such as C++) op- 
erable on any computer platform (such as a Windows PC 
or a UNIX workstation) using other standard, commercially 
available display design application programming inter- 
faces. Those of ordinary skill in the art will recognize a 
wide variety of similar screen layout designs and user in- 
teraction structures that may be developed using the Mi- 
crosoft, NET Business Solutions framework as well as 
other common application development suites. 
[0065] Figure 4 shows an exemplary display screen used to track 
molecules and chemical compounds known within the 
service provider. Every known molecule is defined in terms 
of its structure, molecular weight, chemical formula, and 
other information. All projects performed by the service 
provider on behalf of a customer should preferably be 
based on known chemistry, compounds and reactions. 
This help ensure desired levels of safety within the service 
provider and desired levels of quality in the products gen- 
erated by the service provider. Once a quality assurance 
organization within the service provider has evaluated the 
process and materials involved with a new product, 



projects may be planned using the newly reviewed mate- 
rial. Though such safety and quality goals are usually im- 
portant to a service provider, the present invention does 
not require such quality review. Rather, a new project on 
behalf of a customer may for the first time introduce new 
procedures and processes to the service provider. Such 
options will be readily apparent to those of ordinary skill 
in the art. 

[0066] Figure 5 shows an exemplary display screen for creating a 
new synthesis plan for a project. Once all molecules/ 
compounds required to create a desired target compound 
are defined and approved for use, a synthesis plan may be 
constructed to plan for resources required to produce the 
target material. Chemical materials are often referred to 
by their respective CAS Numbers (Chemical Abstract Soci- 
ety). The CAS number may be used as a consistent short- 
hand notation for a defined chemical compound. Figure 6 
shows an exemplary synthesis plan to produce two de- 
sired compounds commonly referred to by CAS number 
C-008897 and C-008982. The project to produce the 
material has been named ARP02003. An upper portion of 
the displayed table shows the desired target compounds 
and the desired quantity of each material. Two com- 



pounds are to be produced under this project. A first is 
.48 kg of C-008982 and a second producing .25 kg of C- 
008897. With one of the target molecules selected 
(C-008897), the lower portion of the exemplary screen of 
figure 5 shows the steps associated with generation of the 
defined target molecule. Specifically, step "0001" indicates 
use of .31 kg of material C-008894 and step "0002" indi- 
cates use of ,23 kg of C-008896 produced from step 
"0001" to generate the desired target molecule 
(C-008897). Figure 6 shows the steps of the same exem- 
plary synthesis plan graphically reporting the molecular 
structures and reactions involved in the steps. In particu- 
lar, the display shows step 0001 using C-008894 to pro- 
duce C-008896. Step 0002 then uses the intermediate 
compound C-008896 to produce the desired target mate- 
rial C-008897. 

[0067] Figure 7 shows the same exemplary project synthesis plan 
with dates associated with each step and activity. The 
project ARP02003 is shown on the left as a tree structure 
with each activity broken out at a next level of the tree. In 
particular, ARP02003.ART is generally followed by 
ARP02003.LAB, in turn followed by ARP02003.PRD, 
ARP02003.REA, ARP02003.REP and ARP02003.SHP. Each 



activity indicates its associated steps and intermediate 
compounds such as ARP02003.LAB.C-008897-A.0001, 
ARP02003.LAB.C-008897-A.0002, and 
ARP02003.LAB.C-008982-A.0001. The various steps ad 
activities are shown laid out on a timeline as a Gantt chart 
linking critical path elements. As a project is underway, 
the Gantt chart may be annotated by features and aspects 
of the invention to indicate progress in the development. 

[0068] Figure 8 is an exemplary screen display showing an offer 
generated for a specified project. The offer may be gener- 
ated by aspects of the invention to provide a price and/or 
scheduling quote to a customer for production of the 
specified material. A quote may be broken down to indi- 
cate costs associated with personnel, with materials cost, 
and with costs of resources used in the process. Other in- 
ternal costs or margins may be added to such an offer to 
be presented to a customer. 

[0069] As noted above, a project is typically commenced only 

when a customer accepts such an offer. Figure 9 shows an 
exemplary display screen providing a user with materials 
planning information for a project. A bill of materials for 
exemplary project (ENP02002) is shown. Quantities re- 
quired for each item to produce the desired target or in- 



termediate molecule are listed. Such a list may be pro- 
vided to a customer as support for materials portions of a 
price quote or may be used in inventory control aspects of 
the invention. In inventory control, aspects of the inven- 
tion will notify an appropriate materials manager user to 
alert that person to the upcoming need for materials on a 
new project. As the project progresses, actual material 
usage may be tracked against the projected use. 
[0070] Figure 10 provides an exemplary display screen for sum- 
marizing expected employee hours required for a project. 
Project managers may then review the anticipated person- 
nel needs and schedule accordingly. As for materials 
noted above, actual personnel hours used on a project 
may be tracked against projected hours as the project 
progresses. Financial management within the service 
provider may also review such information to determine 
actual costs, to determine work in progress, revenue pro- 
jections, etc. 

[0071] Figure 11 provides an exemplary display screen for item 
or material bookings. As materials are actually consumed 
in a project, booking entries are generated from the ma- 
terials management. These records include information 
such as material manufacturer, costs, batch numbers, etc. 



to permit tracking of a compound for quality and other 
purposes. Financial and materials management entities 
within the service provider may also refer to this informa- 
tion for their respective functions. 

[0072] The exemplary display screen of figure 12 shows a sample 
customer invoice generated from the information within 
the service provider's systems upon completion of a 
project. With information tightly integrated as discussed 
herein, all aspects of chemical product development from 
initial offer generation, through project execution to final 
invoicing may be performed. 

[0073] Figures 14 through 20 are additional exemplary display 
screens relating to user interaction for experiments (also 
referred to in the figures as "approaches"). As noted 
above, experiments (or "approaches") refer to details of 
the actual executed steps, activities, actions, observa- 
tions, and measures to be performed by an appropriate 
scientist or engineer within the service provider enter- 
prise. Such experiments document the precise chemistry 
to be performed for a specified activity or step within the 
synthesis plan. Recording execution of such experiments 
in the executable version of the synthesis plan allows 
more detailed tracking of the precise chemistry involved 



in producing the desired target molecules. 
[0074] Figure 14 shows an exemplary Overview screen with a list 
of experiments associated with an identified project 
(synthesis plan). Each particular experiment (labeled "Ap- 
proach") may be identified by a unique identifier. The as- 
sociated project may be listed along with the responsible 
chemist. Various dates and status associated with the ex- 
periments may also be presented in the tabular listing. As 
shown in figure 14, a drop-down menu or other user in- 
terface structure may be employed to permit a user to up- 
date the status of an identified experiment. By selecting 
one of the experiments listed in the table, additional in- 
formation may be presented in subsequent display. Such 
subsequent displays may include, for example, those indi- 
cated by "tabs" in the display of figure 14 (i.e., Categories, 
Objective, Conditions and Result display screens for dis- 
play of particular attributes associated with the selected 
experiment). 

[0075] Figure 15 is an exemplary display screen to show category 
attributes associated with a selected experiment. Each ex- 
periment may include categories to group related experi- 
ments according to like attribute values. Such categories 
may include, for example, the employee type responsible 



for the experiment ("Employee Category"), a cost identifier 
for categorizing the costs associated with the experiment 
("Cost Category"), a revenue identifier for associating the 
revenue with a particular business group ("Revenue Cate- 
gory"). Other fields may be displayed on the category dis- 
play screen including, for example, the present status of 
the selected experiment. 

[0076] a description of the objective of a selected experiment 
may be presented on a display screen such as shown in 
figure 16. The objective of an experiment may be entered 
by a user initially when a project synthesis plan is defined 
and the experiments are added to the plan. This exem- 
plary display screen allows the user (i.e., engineer or 
chemist) to view and update the objective of the selected 
experiment as the project evolves. 

[0077] Environmental conditions and other external aspects nec- 
essary to perform the selected experiment may be pre- 
sented to the user in a display such as that of figure 17. 
The chemist or engineer may refer to the conditions dis- 
play to verify proper environment for performing the se- 
lected experiment. In addition, the chemist may update 
the conditions display to record the actual conditions 
present when the experiment is performed. 



[0078] The results of an experiment performed by an appropriate 
chemist or engineer may be recorded and reviewed in a 
display such as that of figure 18. By clicking the print but- 
ton of such a display, the user may generate a stylized re- 
port of such results for recordation in paper form or for 
presentation to customers or regulators. Figure 19 shows 
an exemplary dialog that may be presented in response to 
the print button for options in generating such a report. 
Lastly, figure 20 shows an exemplary report generated by 
such a request to provide summary and detailed informa- 
tion regarding performance of a selected experiment. 

[0079] Those of ordinary skill in the art will readily recognize a 
wide variety of equivalent screen displays as well as addi- 
tional screen displays useful for interacting with a user for 
purposes of creating, modifying or executing the project 
synthesis plan. In particular, other display screens will be 
readily apparent to those of ordinary skill in the art in- 
tended to aid the user in creating a bill of materials for 
the required materials associated with the project, for 
defining and conducting experiments associated with ac- 
tual execution of the defined synthesis plan, etc. The 
screen displays of figures 4 through 12 and 14 through 
20 are therefore intended merely as exemplary of typical 



displays useful in performing the functions and imple- 
menting the structures of the present invention. 
[0080] while the invention has been illustrated and described in 
the drawings and foregoing description, such illustration 
and description is to be considered as exemplary and not 
restrictive in character, One embodiment of the invention 
and minor variants thereof have been shown and de- 
scribed. Protection is desired for all changes and modifi- 
cations that come within the spirit of the invention. Those 
skilled in the art will appreciate variations of the above- 
described embodiments that fall within the scope of the 
invention. As a result, the invention is not limited to the 
specific examples and illustrations discussed above, but 
only by the following claims and their equivalents. 



